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U -e<?)— ^t^vx^-vcf l 2 -fe'o? 
nxnyAi/- ^ i 3A^Upfd i 4t, -tcofBi 
^rSrvx^-VCF 1 2^g*$-tH t t:-tfn^nX3>' 
nv—9\ 3B£tf-LTPFD 1 4tfiia.A*ti 
ifcT, PFD 1 4WA*fcti(tft2*tl<0^n>y^m 
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1 

# t mmT-hu^m^^mm t^^mam 2co?n io 

•y ?fl^ k Ofiffl £JtiR L , ^tOfiffi^ t fzumm 

m $zt n^ffi#g»i , itr leu i « ? o -y ^fi-^-t; 

Clf^if 2 ] tBE-r * j^/HSffi^BHi, % l OSP 20 
?n>y 7 n-y? ATI k U ^RKiftft*-?- 

D7'J7 77n -y ycnftJiZm 1 <7)A7J k L , ffilEft 1 
coMm ?u>v7 fc» LTg®M« t £> & 0 2 OMS ? n 
>y?fI^£gg2<y3A7Jk^£mOAND^-hi:, fir 
IBSI 1 COD 7 U -y 77P -y TOKJteifJTJ SrH 1 <?>A71 k 

2<7)ANDy—ht. mlEISl^AND^— h<?)aj7j£ 
?n.y?A7lkU *«Rteffi*t7 f -^A*fc't4» 
2«D7 l j7 77n77t, MIBH2OANDy-ht0 30 
ffi7J£?n'y?A7Jfc U ^ORSKttiTJ^x-^ATJi: 
L , lulBIS 2«D7!>i»77n ycoftjj Sr R^-fe -y h 
A7Jk^-^.lg30D 7 'J 777n.y7h Sr^L. MIBS? 
250D7IJ >y77u v7^&7j£fi£ffl0e97u>y 9\W=r 
t LX , IwtBS? 30D7'J-y770 >y TOffiTJ £ fiffl tt 

/2o^n-y^fi-tt Lx^ti^tim^-t^zt^nw. 
t^r%> mm i tam^r^n 7*7 * sk. 

^ffla}7jS^cOd*><7)2^*^. {fcfl0O7u-y7fI-5§- 40 
k fiiffl « / 2 w a >y ? fl-f- k £ mefx^m-fS i k 
k 1 IBttOTAn ^7 ■* /L^ Hlft . 

[it^ii4] msffl&mt. i-^-'Jtfyymmx 

MlBT-^n^MScT) h y vxziyy? 9 yxffiSrfW 50 
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-rS^k&Wmk-r^lf^^llBKOT^n^^^ 

•y^ATJkL. ffta^>f V^.)V^f~^Xnh-fh%\ 
«D7'j777n77L JtKS^ff-t ^ o -y ^ A7J 
kL, liSravWl/^S:T-^A73k^ffi20D7>J 

•y77n>y7i:, MIB^l, ^2tOD7"J 7 770^7 
cO^tfiTJk k ^tc, mflB»t^«^=fcVMIBfcbKSP 

ft^ATjkt, -e^y-bffi^smiBSii . H2«d 

7IJ7770 -y TC0#^|SI^ U -b -y h A7J k -Tl. AN D 
^-hk^WL, MfBfSl, l2f0D7'j777n77 
^)«-ffi73^ JtMSS*fi#k fC#ttl-rS £ k £#©k^ 

[ ffi&S 7 ] fa?A^ f BltWfg JR4 a. -y H 

guk. BuiB^.y vm^^^tihMMt^mmmm 

y?m%tt:MffiL. 

mm^-3.--y?mm.. 

vyruyxm^iz&^^xmi , m2co7uv7im 
iJiass 1 o ^ a -y ^ m-f-^^ffi^-B r^-o ywmm. 

k. 

^•kmnsr^-n^ffl#©S:^iL^^HfFlEIS2(7)^n 
•y tm^-tnim* Jt«U *<0flfflHWGfcfcfiHBiR 
iifi^-*tti7J-f--&ffiffiJtl8¥Sk , 
WIEflLfflJtiSE*^ 6 IBSJ $ *i i> mfBfiffi^Hti-f-l^JiE 

W5k^ff^, 

mifB-fV lulB^ 1 <?5^n vfm^tz 

mLXW>mm2cr)?v y ^«#tc, ifi7tn^«^ 

[0001] 

[0002] 

< 7l-^HIf#k Lts S C F (Switched-Capaci 
tor Filter) (C«^Sn«KfflffiHa7 >f tV9W&b . V 
yyxuy-y-pfyx-c (Gm-C) 
$ il S jl^Btral 7 -f /L- ^ 0B k 36*iS < JEffl S ^xt v . 

[0003] mmmmr-tnyy a tvtmmz. 
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[0 0 04] MZMLX, &&m? 4 MEHftteG 
m-C 7 A )V?<7) 4 0 fct-7°>7t— TSMf^S^t 

l . ?iis:jsiis*fie^^t Tmti&mt zx-mmtizm lt 
[0005] La»L4#&, ifL^wiS^BtPEg^^^^ 20 

0SS{ 4 * £ ^ & <5 ^ - 9 HW t (4 

>r ^^4«ysiijafc<©(f feo* . saajiK(4± 3 o%sstc 

KlflR±ifS*H*jHi.T^4. Lfc^t, M^»^7 

[0006] ic04 3 #mtirt> . UJ#>Tyr§tfPKMf 30 

1 L 3rV * SSthf- V ^HlfrsWC. S. Tanfc 41^ 
P.R.GraytC4-5T^§iX^o T^i?^. "Fully Inte 
grated Analog Filters Using Bipolar- JFET Technolog 
y," IEEE JSSC, Dec. , 1978lCj3^T. V C O (Voltage-C 
ontrolled Oscil lator) Sr#Hf P L L (Phase-Locked Loo 

P ) mm 4 h -?x?-/x]/-7Mcr>iEiMmmmi-x.- 

[ 0 0 0 7 ] Hi 0(C. VCO£#t?P LL0S&^4 4 

-/x 7I» j&R-f- a --y?®$&<r> 
(xu— 7) loiii, -fo#ttJi^scSr^y?4^^7^ 

(litliGm) 5r7X^-VCO10 2t*at 

titmztih* ?x^-vco 1 0 2(4. xjyy uv? 

wioi ^mm-^n^h^mmmm^imm 

[0 0 08] Sif>fc, VX^-VCOl 0 2(4. ffifflJD 
i£$Lfcb$8if ( P F D ; Phase/Frequency Detector) L 0 
3t3iTfX3—rtX7 4J\f? (LPF) 104t»;PL 50 
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LHI»tfl!jK LTV itOPLLlHg&(4, VX^-V 

c o i o 2 (Dzmmmmz u 7 r u^^jaaaftt-^ 

R3-£4^< . VX^-VCO 1 0 2^#14JI«£}£ 
LXm. 

[0009] &&&mii&)miak+*—-yymm±* 
^mim^ k&» n° 9 * - * *i s $6 nnmrnizm 

^7fy«!±#fl:Su; f: SrfllfflLTl">&„ IS 

iw, pll isikco 'J7r v yxm^m%mzmm& 

[0010] ja±MBBL,fcTan/Gray*3«i, WJSJK 7 
LXI&T<Djit#Wfti>tLi> . 

[oon] witr, Gm-c»iHBtawaeift't* 

^-^ >7 4 )V?m% \ 0 lfciV'VX^-VCOl 0 2 
£0^. 5fe-f^-f >-7 ^;^|5I^1 0 1(4. SxXxAi: 

t x mm $ ^4 we *■ it ^ s y a -r s v ^ u y ^ 

sSr* 1 ^. vxj'-k^SVCOl 0 2{4t^fgfgT"*>.?> 

^46. ^oilfM(4vc o i o 2<nmKy4yb9Vtc& 

[0012] feJUh LT. ASfI«J#B#0¥^Gm(4, 

tC/jN§<^:D. ?^^-VCO10 2<DfffGmfi^ 
<iyy 4 }V?m% \ 0 ie0Gm©!M«LTLSl 
A#:W^(4. PLL[lIg§T{4-7X^— VCO 1 0 2f)f 

$tl4^-fy7^7l-^[lIS#101 «#'I4MI^1SC(4 
H)fMffl4 0 fcjft^tWvvfifc^r^T L4 a . 
[00 13] _hJ£Lfcv^^— VCOtiilf 

PLLH»*»ii>*4jaaaft'f-jL-->'^TiFisK:ts^T: 

(4. M4>**^VCO«iHKBi!IRR«H«, Wt>«3P*S4 

[00 14] i^id^ffl^'iE^^isLT. H.Khor 
rambadifc4y ; 'P.R.Gray{4. "High-Frequency CMOS Co 
ntinuous-Time Filters," IEEE JSSC, Dec. , 1984 \,ZHV^ 
T„ VCF (Voltage-Controlled Filter) %%tsD L L 
(Delay-Locked Loop) Hlf&fc 4 4 VX^- /XV— ~fW 

co smmmsn- * y^'niK^ ^ lt t ^ ^> . 

[0015] 11 It, VCF?r#tfDLLIl]S§(c4-l> 

^x?-/xv-ym.<F>umjmmrt^--yym%<n 

mmi^t, Tan/Gray^t^tC. ^-yh^7jl^ 

iz^x^yy 4)V?w& (xv— -?) 1 1 K4. -eoft 

tt»»3R*8iS«>4&^9^— ^ (CCT'(4Gm) SrVX^ 
-VCF (Voltage-Controlled Filter) 1 1 2b^M^Z 
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5 

VmZtlt. Tan/Gray^ k051W4, VX*-W#V 
C O T'i4& < , VCFTfti jStT* & . 

[0016] VCF11 2 iflcfc-X-f >7 
1 1 fc H^«i.(f»4H»-eill«S*t4 7 ^ 

^CDVCF 1 1 2f4, tifflJtiliNfi (PD) 113 
tJit^n-y«7^/^l 14fc*teDLLHIItaiftt 
"f Ell 1 GmfiVfHS 

^•(c4.g>3HJWc4 0, vcf l l 2<0*fttfiiaaR, M*. 
KSSVCFiio-A-X7^;l.^«i:^oi:uiiJ| 
•£{4* coflMIWRsWBflrt- 1> . 10 

[0017] VX^-VCF 1 1 2tCi4, BSatOJfi— Jf[ 

§1113(4, VCF 1 1 2cr,A^m^rttii^jm^tC0iiL 

6 . i Ofiffiiyifi-^ii. o-;«7 )V9 1 1 4 £ji 
iiLfcSL Gml«i#i: U^j'-VCF 1 1 24> 

s.xf* -4 yy << ;^0»i 1 1 ^#ttJi&$t£&5rr 

[0018] — tflli: LT, vxj'-VC F 1 1 2#>'A-f 
^y-yK(Biquad) fiffiStT* * 20 

k . *<z>fiai#ttttH 1 2 tsH-i 3 i&mxmm 
wti& o t;»f3fi l . mmmz f o -cfiHi** * / 2 31*1 . 

[0019] Lfctfot, Vyruy^mWM^f oh 

k . smitras 1 1 3 coxiiim\mmfih t. 0 1* 

*/2fc!5r4^< 7 4 — KA-y?^— r £: 
T\ V^j'-VC F 1 1 2 OffiJUiSlfc^r f 0 t s §^>t 

•?x?-vcfi 1 2 tm-cDGmmmm^zimzti 
yy <)v?mwk \ 1 1 <7)<m^mmm.i> >J y r v> 

[0 0 2 0] HI lwm&fr 5 liZ* ZcoU 

XMt^X'fo hVyrvyxm^fo (DWMZ^fflm 
[00 2 1 ] ;»M»Ifflttt^f ^ Sltif 

(4. Tan/Grayfc ± JVCO Sr#t?P L L*3W*ja»3fctfc 

^m#fc<o^Mffitt^i--^^jKfca«i*ft0r$ 40 

fcf LT , Khorramabadi/Grayt 4 & VC F Sr#tf D L L 

[ 0 0 2 2 ] m 1 1 <0^fcfc(tft^a*H»<OWi: L 
X. #|;t(fV.Gopinathan, Y.P. Tsividis, K.S.Tan&4 
VR.K.Hester^D "Design Considerations for High-Fre 
quency Continuous-Time Filters and Implementation 
of an Antialiasing Filter for Digital Video," IEEE 50 
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JSSC, Dec. ,1990 (C7K§fl§4 o^fM^XOR (# 
ffiWIiaW) y-bfcttflTC**. HI 3tCGopinathan 

f^-yWWMt Hi4fcxoR-ffiiit 

-t. 

[0023] XOR-PD^j@LT^-&Bli(4. 1314 

VCF12ULT, 012 fcSrf 4 5 fc, flSJf iSfRT 

m^t , y^y^x§aTiafflH^0c7)ft-f-h 
4 «OffiffiBKS"CX OR-PD122 tA^J-T £ i t tftfi 
XOR-PD 1 2 2A»&tfj;fjS*l.&&fflM£21I^ 

(4, owu7^;^ 123 saaiufca, Gmnwi 

?tU-?x^-vcFi 2 \i$£.vt*-4yy j)V?m 

[0024] XOR-PD 1 2 2(4, "T> ; J?lV 

mmv^ivaMmmrnxm^h . -ewfcft, xor- 

pd l 2 2<59lfrgt-tfn^nxrjyy^ix-^ 1 24 A, 
1 2 4 B £ g&S t . T^-a^/hiifSfl-^Srf-" -f a^^yHi 

sip^tsemtfca, xoR-PDi2 2i:A7Jti» 

4ofcLTV^„ 

[0025] ;«i^XOR-PD122^!tl 
LKXolZ, VCF^-irtfDLL^{4SfflJ:tKT'S) 

o . man v?<mmmwi^^--y7mmzwm-t 

h a XOR-PD 1 2 2liWJiJ^?n7y'«DCi 

j&qsRSfi* -mtc d < ; (4 
mmxhh* 

[0026] El 1 3c7)M^icf-A--y^HIl^{4 
f«7 -f - r-V\'>y ?A~7«D C y>f Vs&ftfirRT** . 
■tZh-h . XOR-PD122 CT>7\~h fcS«flWHa?fBit 

;t~ri4-SOA*efflifilS^^L^44^SLT L4 
[0027] 

fg (UP, DOWN, HiZ) PFDtft-y^yT 

mi&Srfl!-? fclltfHBfc: 4 o t«b£§ ttS - : J#yy° 

DLL0J»3&«#i.i3fl&. 

[0 0 28] HI 5 iOf-v — ^yTDLLUfK 
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HI 5fctJWC, HI 3fcR#at»tJiR-W^tftL 

3f[fPFDhLT(A Hi 6{:StJ;3t, D7»J 77 
70771 3 1, 13 2*5J:VAND> , -M3 3K 

S. il7H, HI 6^3flPFD^Aft7J#tt£^ 

[00 29] f-v— ^jKVriSIII 12611 PFD12 

5 & ma § ft4 {iffifsnfi^-tcje t fc mamarc* *^ 
7 yx c i t \,zi.^xmmmm^ io 

H^LTfiA, Lfc^T, PFD 1 2 5<AA7jfc1IA 

^-/■7)V—7°cr>D c ytfWfckXfo Sit *Wfa 
U ^-T-^vrniJgl 2 6£ffi£>=5rvvL— 7lij£fc 
ii#^A£ 4. Lfcs&^T, ftfflJtKffifJL 

4. 

[00 30] i<7) i a &jf!lj&£}#0<f-^ — Vi£V?V> L 
L fc 1Bft&b1t& h mM%<?)im 1 6 fc* L 3 ffl 20 
PFDt&S^t iiBEfci^fc^ H 1 7 <7)AtH7J#tt 
i OBJ^^fflO. ^OPFD 1 2 5(4. 5fc(5i:V>XO 
R-PD 1 2 2fcJ4j*l\ ^COATJtSfflH^OCOt^fc 

i a fc. h i 2 fc^r i 3 fcfifcfff&e. m-h^^mm 

iQBrCfiffljSfL* 1 * A 2 fc * 4 7 * A7 £77. 7- v c 
F 1 2 ltffl^S^ 77.7-VCF 1 2 l£y\A^° 

xsn/sy^ri^^xft-^-Re f fc-^-cfc^&fi^ 

dlz, r -f £^^/l^Bf«iS 1 2 7 £A>f y t^(s»(f>fc:Ktt 30 

[00 3 1 ] JJLhRHJILfci fc*»i!>HJ!&*»3:J: a fc, A 
-f 'txm&cDV 7 T\/>xm^R e f iiiEffilfcEl^cOfi 
(JJEOWTtt. «/2> J#fc-£4i#Mj&*£> 

^Jtof 4 W 9 -f > T* 4 Xmtffo 5. L^L^rA* 

*Smt LT . ffifflttK»I«Bn 3 ft P F D t <f-f -i? 

^> 7D l l lst^a , &ftt£\mu y 7 mm 
[0032] ttz. zcDmm^M^-^/j^mmmt 

LX, Mm~?X?-VC F 1 2 1 fc LTffiM^SSCT-W 

F 1 2 inmffl&MTcoiilMWii&xT. ^cr>A&Jj<r> 

1 2 7Sr^fc-T4fc;t/\ ^^tlivxj'-VCF 1 2 
l£A^7fiJfciL»fclA — ^r&ffifijft*, ffilTJ^fi 
fflMflfc&4J:dfcbTPFDA*T^fiffl£^>"7x 50 
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-ftlATXT— VCF 1 2 lOl 7A-7 4 }V?<m& 

[0033] -f-if. *fgBJi(A T?tM 77>t)V9m 
i(lGm-C7'f;WMOSFET-C7-(;W 
fcftflS A47°n7A> 77/1-7 a WWtotoWBS&f- * 

--y/CfcV^< 77?-J;*SVCF«7^^ 

-m\ imwm.j- *.--> ?]m* mmt srtn^^k 

[0034] 

[ mm* mm- 4 tmbe&m ] *%Hjfc i^7W7 

-f ^^EWWi. ilMB#^TAo^7 ^/^IlIg&o^ttMl 
^St^lSS-f-4fc^Ai-->'A0^*ftf)f ^c?) 
f A --y/Wi\ >y ^fi-f-fc^v^Tm 

1, ffi 2 cn 9 a ^ fI-§-£ ffi7l^4 r -f l J9)V%mm^ 
mi<r>7vv? mttmftS Ttn/fM 
7tn7lfflfP4J Lfcg 1 «^ o 7 
TAnA#ffi#S^gEfet^V^2 07n-/7fI-f-i;^ 
fuffl^ J:bK t . ^OfiffiilfcJsG tfeffiffl»»i#S tU7J 
-r-6fifflJt«*ai: , iOfirffiJt!R¥®*^tti73Six4 
fiffilfiJSfi^-fcJE tT 7tn^4ffifSOlfttjg«J 
ffl«A4 t £ mi , m l <r> 7 n >y ^ fl-^fcM L 

2 07 a -/ ^fi^-fc . 7tn rfflttWtfrtmffl&L 

bftiX^ho icDAA-->A'W£iiff-r4TAn 
^7-f;^IIIIWi, fV77gttfcv^, Milf, iS 

;ucr,±mmx'$>hmmm^mt7 uvfm&t vxm^ 

^>ix4» 

[003 5] JJBH)t<0T^n^7 ;^0ll4felii 

mrs\ ^x r i-u?i$m^&<nmmw!mzti tt* e«s 

M»h tfufflHM^fcfc4 2^7 a >y ^ft# 

fc . !M7to^ffl#g|g6 L&V ^T-fifflJtK^ 
Sfc^n^A7J§#i4itA. 2»^n7?fi? 
«W-fy7x-x (i-AxMiffi) fc*4» ^-Ofg 

fi*P3rtaffln -y «^#^»^4 . 
[0036] 

[ffiHB«0HJt«0?^IS] CIT, *^BJOHJfif0ff^Jfco^ 
T Hffl Sr #Bh L T f ¥IB fcf^ a fl A 4 . 

[0037] hi sa mmmri-vyy 4 ;u?ms&& 

- y Afcffl v A ft.4 Af6Bj^-^jft^fjfcfs ^ jg^gr^ 
a -->- AEff^ffifiS^ St7n -y 7 WXfc 4 . 
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[oo38] 4$sfflmtz.to&mmfr*.-->rmR 
■r^r^-n^ram 2fc*fc:DLLigiiijgjiw-5 3 

W^-* 1 3 , fifflJtKKS 1 4fciy'GmiWi^ 
M&l 5*^tt2r«||SR*i:l/C&U *4>*7 4 

i6(c. *A yy j >V?®fficom^fflmk$:DLLftcO^ 
[00 39] *H«S»*A-:iy:/|III&fctiVVt, ffiB 

r wivmm 1 1 tii U7ri/ f o #asj 

HPfe ? a >y ? 4 . roSr 4 >-**A^ffi3S 1 1 

^s-^fciHtft . tif * vtimms 1 1 o^frw* 20 

[0040] ItrBrV 'J9)V%m%sl 1 *^m7JStL^ 
2 o« ? a -y ?fi^(2 . ^|bH«j£^«I1IMPS[II£& 1 
6 A , 1 6 B CfiimAJ . SffiHRHIK 1 6 
A, 16BI1 2oc7)^n-/^fI-t^^S^T^n^ 
ffiff 1 2<7)A7J^-r^$-y?)^:A SU^X-r^S* 

zm^mzzmnxz hid Kxtim^wmvm 

foWmth . £#t £ jBUfWRBEIK 1 6 A , 16BIJ, I 
*&»OBSr?M Lfc i o fc, S^fc: J: 1-ffflG mto 

SI 2 ) t*4>7 4 (XV— y) C0Gm-?y 

fy^msii', ^--y^mg£±tf &*:#>(;: 
[0 04 1 ] r^/^HTO^»*fi£i:-r 

«#J± . l 6 a , l 6 b tfisyfn^mm 

KB0R 1 6 A , 1 6 BJil|^t> 1jftMXffih*i:\ \ Z ti 

^ i ftPI^O*EV^*:»^.t J;oT«jS§fL^i: ^ (c^ 
[0042] CeHMHSHIK 1 6 A , 16 BTHtlfflRg^ 

^Ttn^llSl 2tHtU3^^- *1 3(cA 
7l£:fu jfctr* { 7tn^ffiffii 2£f£EtrWc^o& 
inyA'iz-j' l 3(cA7J§tL&„ 7tn«l 2 50 
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tLXli, VCF&m^btiX^i (J2TF, VCF12 
tfS-T) . 

[0043] 3^11/- ?1 3(2, 2ffl?M£n?nX3 
yA'l/-^13A, 1 3 BtCi-oTffifiSc^ixTfc D , A 

^Hl-f- ( 9 n >y ) tSSft^i . lit. V C F 

»i6B^, ^^^(cjetT-ftsnsas^iijKH^ 

(i, vcf l 2J^fci$2**HH*>taffl 

[0 044] 3*K*Lfc2jRttOfS-^ 
(2. »<ffiffltt*HI, «i«TPFD14fc:A*S*t4. 
^tktttli, VCF 1 2*JS*tfc^# (KIT. VCF 
fl-f-fclE-f-) (iPFD 1 4(C«JtRfi#i: LTA7l§ 

*u vcf 1 2^mmL^m^r (jar. Reffi^t 

IB-T) iiPFDl 4teJttHBWI^fcl/CA:*jS*t4. 

i i *> ^>(im < mbtitt* -y^vTD l hcommz 

otM^, -?X^-7^7P^[USST'fcl>VCF l 2 

[0045] f^M, PFD14KI1 2^«ff 
# (VCFft^iVRe fff-f-) ebfflBOW&tZJ&K 
T3fB(UP, DOWN, HiZ A yb°— 

x) ) ^bhwmmm^m-yi^Kh* cw&mm 

«HS-^B*I1I»1 5 b LXte, ft-y^yy (CP) 

[0046] J3Lh(C i 0 . f^-y^y7D L L^«j£ 
(cJ;D. 2jRKwfi-^, ap^vc Fffi-f-fcit^Re f ft 
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BASIC-ABSTRACT : 

NOVELTY - A digital phase shifter (11) outputs clock 
signals with set phase difference, based on standard 
clock signal. One of the clock signals is input to 
zero crossing comparator (13B) and other clock signal 
is input to zero crossing comparator (13A) through 
voltage controlled filter ( VCF ) ( 12 ) Characteristic 
frequency of the VCF is controlled, based on output of 
phase comparator (14) that compares the output of the 
comparators (13A, 13B) . 

DESCRIPTION - An INDEPENDENT CLAIM is also included 
for disk drive. 

USE - For disk drive (claimed) . 

ADVANTAGE - Favorable phase lock precision is acquired 
and characteristic frequency of the analog phase 
shifter is set accurately. 

DESCRIPTION OF DRAWING (S) - The figure shows the block 
diagram of a frequency tuning circuit . ( Drawing 
includes non-English language text) . 
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